INTRODUCTION
The need to service a mobile public at highway rest areas, picnic grounds, and campgrounds has created significant problems in regard to the treatment and disposal of sanitary wastes. Many attempts by various state and federal agencies have been made to handle this prob lem, but no good answer has really been found. The problems basically arise from the sporadic use of the facilities by the public and the remoteness of these areas from streams capable of assimilating the treated effluent. The plants traditionally used at rest areas have either been unreliable, required very large land areas, have been very costly, or have required special expertise which state highway agencies usually do not have. Conventional methods of treatment have included septic tanks followed by percolation fields or sand filters, privies, oxidation ponds, and extended aeration plants. A few types of physical chemical treatment plants for use at highway rest stops have been developed in the past few years.
This project was a three-phased study undertaken by Purdue Uni versity and the Indiana State Highway Commission. Phase I dealt with the wastewater treatment plant development and design parameters pertaining to it. Phase 2 involved the determination of anticipated loading factors at rest stops. Phase 3 involved the testing, analysis, and evaluation of the actual Phase 1 treatment plant at a highway rest stop.
Two systems were tested on opposite lanes of Interstate 65 between Lafayette, Indiana, and Indianapolis, Indiana. One system used re cycled effluent to flush the toilets. The other was similar, only it did not utilize recycled water. Initially each system was divided into two sides, one serving the men's rest room and one serving the women's rest room. These initial systems were found to have several deficiencies and therefore part way through the project a redesign was necessary in order to make the systems continuously functional. The difficulties en countered on the initial systems included excessive water usage, fabric filter abrasion with eventual development of holes, and treatment dif ficulties caused by excessive amounts of urine on the men's side of the system.
The initial efforts to correct some of the problems were directed to minimizing the water use in toilet and urinal flushing. These efforts were directed to the use of low water use flush units that were air assisted. The new units used approximately one gallon of water per flush compared with approximately seven gallons on the conventional units. Although this change alleviated hydraulic problems, it did nothing to solve the other problems. An eventual redesign of the system and major renovation installed the same fabric filter as previously used but in a different geometric configuration and combined all rest stop wastes in a surge tank before their introduction into the treatment units on the men's and women's side of the facility. These final modifications resulted in a system which was found to be operable and which is capable of producing a treated effluent that will meet 1984 discharge standards or which can be operated with no effluent if that mode is the best suited to the local conditions.
Background o f Rest Areas-Sizing Wastewater Facilities
As defined by the Federal Highway Administration (1), a rest area is a roadside area separated from the main roadway with provisions for stopping and resting for short periods of time with parking facilities for three or more cars. Presently, more than 7600 rest parks are operated and maintained by state highway departments on interstate, primary, and secondary highways throughout the United States (2) . They are usually on interstate highways about a half-hour distance from each other. Spacing does not depend on average daily traffic (ADT) or population density. Of the 7600 rest parks, only 16 percent have modern toilet facilities. Privies are used in 23 percent of the rest areas while the remaining 61 percent have no rest room facilities. Along in terstate highways, 60 percent of rest areas provide modern flush toilets.
Problems of Wastewater Treatment Plant Design-Sizing
Sizing of wastewater facilities is quite simple and is done on the basis of average daily traffic (ADT) (3). ADT's are usually projected 20 years into the future and this number is the basis for design. The number and types of vehicles which enter a given rest area is based upon an assumed fraction of the ADT. Using the average number of oc cupants per vehicle, the facilities are sized to accommodate the ex pected summer time usage. Once an estimate is made of the projected number of users during the maximum use day, the sewage treatment plant is based on an estimated water consumption figure and BOD pro duction per capita per day.
The numbers used in this design are the underlying cause for the first problems of design of treatment facilities (2)(4)(5) (6) . There seems to be no unified basis of design. Another problem directly related to design is that forecast populations may be considerably higher than those anticipated when the rest stop first opens (2) . This often results in operating problems for sewage treatment plants.
The most unique feature or problem of rest areas and comfort sta tions is the variable loading which they receive from a highly mobile public compared to the case of a municipality where the population contributing to the system is essentially static. In the case of the rest area, a variable fraction of the traffic using the roadway adjacent to the rest area constitutes the contributing population. Usage varies extremely and depends on such things as day of the week, time of month, time of day, location of the rest stop, and weather conditions. Another factor contributing to treatment difficulties is the highly variable nature of the sewage which can vary from strictly urine to as complex as a dump of a chemical toilet.
As a result of the problems described, investigators have attempted to arrive at better design parameters and characterize wastewater from rest stops. The general result of these studies have shown that sewage from rest areas should lend itself to conventional biological sewage treatment systems.
Several investigators agree (2)(4)(5)(6)(7)(8) that ammonia concen trations in rest stop sewage are equivalent to those in a strong domestic waste. Essentially, there is no grease or scum materials. Wastewater from rest parks contains SS and BOD equivalent in concentration to a weak to average domestic waste. The COD to BOD ratio is higher than in normal domestic wastewater because of the high paper content. Phosphate concentration corresponds to that of a weak domestic sewage. Table I shows the results of these investigations. There is perhaps less agreement among investigators on water con sumption at rest areas than any other parameter. It is difficult to deter mine whether these differences are regional or due to the method of ob taining an estimate. Etzel, et al, and Pffeffer (4)(7) recommended 5 gal per capita per day for design if conventional water-use toilets and urinals are used. Sylvester and Seabloom (8) agreed with the 3.5 gal per capita per day figure used by the Washington Highway Commission. On the other hand, Zaltzman (5), on the basis of studies of five different rest stops spread throughout the country, found average wastewater production figures to be 4.25 to 5.75 gal per vehicle. In a few cases, water consumption was slightly higher and ranged from 4.25 to 6.5 gal per vehicle. This can be compared to the " 1968 Rest Area Usage Sum mary" (1) figure of 7.6 gal of water per vehicle, measured during the summer months.
At rest stops where the effluent is reused for toilet flushing, Ander son (9) determined that the upper limit for water usage was gal per user. Compared to the previous consumption figures quoted, this repre sents a significant amount of water which can be saved by recycling water back into the toilets.
Seasonal patterns for use of rest parks are well established in most cases. Average daily traffic (ADT) is usually lowest in December and January and rises to a peak in July and August. However, the degree in variability is not the same at different rest areas. In Illinois, the ADT in January and February was found to be 70 to 75 percent of annual ADT (7). However, in July and August, the ADT was 130 to 135 percent of the annual ADT. Thus, there was found to be an 80 percent increase in use during the summer. In Washington, seasonal use variation was even more dramatic (8) . At one rest area, use ranged from a low day of 100 visitors in January to 2,740 visitors on a peak day in August. Average number of visitors during the year was 1,000 per day. Generally, the minimum daily summer use was half of the yearly average, while nor mal summer time use was twice the average.
Week to week variations in traffic using rest stops and recreational facilities are minor except during holiday periods. On the other hand, variations during the week are notable, especially during holiday periods. Average traffic on Fridays in Illinois was found to be consistently 115 to 120 percent of the average daily traffic (7) . At an Army Corps, of Engineers campground in Mississippi, average use on Saturdays and Sundays during the summer was 2 to 3 times the average use during the week (6) . At other Army Corps of Engineer campgrounds overseen by the St. Louis District Office, summer weekend use was reported as being 100 percent greater than during the week (10) .
Hourly variations in flow are even more profound. Zaltzman (5) determined that 67 percent of visitors used rest stop facilities over an eight hour period. Pfeffer (7) reported that hourly water consumption varied from 20 to 200 percent of the average daily flow during the period analyzed.
Another very important parameter in design is being able to ac curately estimate the percentage of ADT which will use a rest area. Zaltzman (5) , in studies of rest areas in nine different locations during a 32-hour period, found that 5 to 14 percent of ADT stopped at a rest sta tion. He concluded that there are fundamental regional differences in use of a rest park.
In view of different values of parameters quoted by investigators, Francinques, et al, (2) perhaps has the best, although maybe not the most practical approach in all cases. He recommends that when a rest stop sewage treatment plant is designed, parameters should be based on actual data of another rest stop in the near proximity of the proposed project. If no data is available, he suggested that Figures from the studies cited in his survey be used (4)(5)(7)(8). Data selected should be from rest stops where conditions are similar to those in the project area. The actual calculations used in design of the two prototype systems used in this research are attached as an Appendix of this report. In general the data used was a composite of many factors gathered by the state highway department.
DESCRIPTION OF ORIGINAL PROTOTYPE UNITS
The original prototype units were constructed through funds from Purdue University, Indiana Department of Highways, and Department of Transportation -Federal Highway Administration. In both rest rooms, the sewage treatment system was small enough that it was possi ble to locate the unit within the confines of the building. Thus, the plant was not subject to wide fluctuations in temperature and climatic conditions. Each rest room contained eight commodes and eight urinals or 16 fixtures in all. These were equally distributed between the men's and women's sides of the rest room.
At both rest stops, the contents of the toilet or urinal was flushed directly into a nylon Filter bag. Each commode was served by one filter bag while two urinals and two lavatories were served by a single bag. Six Filter bags served the men's side and six bags served the women's side. The distribution of flows is illustrated in Figure 1 . Also, the bags in Figure 1 are numbered to designate the nomenclature used in this report for identiFication.
The actual treatment system at both the recycle and once-through systems was identical in that the filter bags, aeration devices, and sewage influent flow patterns were essentially the same. The recycle system utilized a more complicated flow scheme. The effluent first flowed through a carbon contactor to remove color. A carbon contactor was located just outside the bag. From here, treated effluent went directly to a central holding sump. Constant pressure pumps pumped the water, on demand, through a surge tank and Cuno filters back into the toilets. The recycle system was provided with a tile field to provide absorption for any recycled water which escaped through the effluent overflow pipes provided in each tank. 
Description of Plant Components Common to Both Original Recycle and Once-Through Systems
Each of the concrete treatment tanks or units, which contained the six filter bags, measured 7 ft 2 in. deep from floor level to the bottom of the tank. Total length was 16.5 ft while the width was 5 ft.
The tank was further partitioned into six equally-sized compart ments, 2 ft 9 in. by 5 ft by 7 ft 2 in. deep. These divisions were separated by 1/4 in. steel plates. An attempt was made to seal the edges between the steel plates and the wall of the tank. However, in no case could a perfectly watertight seal be maintained. Each steel plate had a small gate cut out to allow water flow between the compartments and the ef fluent pipe. These gates were about 4 in. wide and were submerged about 2 in. when the tank was full. The gates were built so that a small steel plate could be inserted for the purpose of isolating compartments in the tank.
The purpose of the partitions was to make it possible to pump down the level in one compartment without affecting the water level in any of the other compartments. Thus, it would be possible to keep most of the rest room open to the public while repair work was being done inside one compartment.
Effluent overflow pipes, 4 in. in diameter, were placed in each tank a foot lower than the top of the tank. Therefore, total volume of water in each tank, not allowing for head losses through the bags, was about 3800 gal. Effluent pipes were placed at opposite ends of the tank and were positioned in such a way that the end of the pipes were parallel with the surface of the water. On the recycle system, these effluent pipes served no purpose other than allowing the passage of recycled water out side the tanks if the wastes from the lavatories and drinking fountains (supplied with nonrecycled water) exceeded the water lost from the unit through evaporation.
A filter bag was placed inside each of the six compartments. Con figuration of the bags is shown in Figure 4 . The filter bag was supported by a 2 in. by 4 in ., 11 -gauge galvanized steel wire mesh frame shaped in to the configuration shown in the figure. After the welded wire basket had been shaped to the correct size and configuration, all surfaces were primed and coated with a two component, catalyzed polyamide cured coal tar epoxy coating to a dry film thickness of 16 to 20 mils. The filter bag material consisted of nylon with two fluffy fabric layers attached to each side of a center fabric mesh. Cho (11) , in previous work on the filter bag, concluded that a nylon cloth performed the best when tested against two other fabrics. The nylon cloth (Mer chandise No. PO 7034, GAF Corporation, Industrial Products Division) had a pore size of 100 microns and a nominal thickness of .065 in.
Each bag contained an air diffuse to thoroughly mix the bag con tents and provide enough oxygen to the microorganisms. Each unit con sisted of two "Activator" no-clog diffuser heads mounted on 6-in. centers.
At each rest room, air was supplied by two blowers. Each blower was designed to deliver 40 cfm when discharging against a pressure of 4 psi and the blowers were controlled to alternate every 12 hours.
Nine inches of freeboard were allowed between the top of the bags and the elevation of the overflow pipe. Without the wooden blocks underneath the bags, shown in Figure 4 , only 6 in. of freeboard would have been provided. This is mentioned because in some cases, these wooden blocks did not stay underneath the bags.
A l 1/2-in. pipe was placed between adjoining bags to relieve possi ble hydraulic overloading or failure of filtering capacity in a single bag. The invert elevation of this emergency overflow pipe was approximately 3 in. above the effluent overflow pipe elevation. To insert the pipes, a hole had to be cut into an appropriate place on the filter bag. The bag was then firmly clamped to the pipe so that no openings occurred be tween the bag and the outside of the overflow pipe. The drain pipe from the lavatories and the utility sink also had to be inserted through the walls of the bag.
Details o f Components Unique to Original Once-Through System
On the once-through system serving north bound traffic, chlorina tion was provided. Another fundamental difference on the oncethrough system was that the effluent from the bags went out of the tank via two overflow pipes, each located at opposite ends of the tank. On the recycle system, the treated wastewater went out of the treatment tank, mostly by way of the carbon contactors. Although two overflow pipes similar to those on the once-through system were provided, only a small portion of the effluent escaped by this route. Thus, there was more op portunity for mixing of the treated wastewater between compartments on the once-through system, since effluent from the bags in the middle of the tank had to flow through the other compartments to get to the ef fluent overflow pipes on the ends of the tank.
Components Unique to Original Recycle System
In addition to the nylon filter bag, an activated carbon system was installed in each compartment on the recycle system. The carbon units consisted of a standard 100 micron nylon bag, its material being the same as the nylon filter bag material. It was sewn into a 12-in. diameter by 24-in. length unit and there were draw strings at the top of each bag to prevent carbon granules from escaping. The bag was filled with ac tivated carbon and placed inside of a 12-in. cylinder. This cylinder was bolted to the front part of the tank. Four 2-in. openings were drilled into the bottom of the plastic tube to allow treated wastewater to flow upward through the carbon contactor.
Three feet from the top of the tank the water from the carbon con tactor went into a 2-in. pipe and then to a 4-in. header pipe which even tually discharged into the wet well. The wet well, like the treatment tank, was recessed into the floor of the utility room. The wet well or holding tank was 5 ft in diameter by 7 ft in depth. When the water level was the same as the effluent overflow pipes, that is 1 ft below the top of the tank, the capacity of the sump was about 880 gal.
Two automatic pumps controlled by a duplex constant pressure system were installed inside the wet well. Each pump was rated to deliver 100 gmp when operated against a total dynamic head of 105 ft.
Water was pumped from the wet well into a 44-gal surge tank and from there to the toilets.
Two additional components were added in the course of the re search. Two 50-micron Cuno filters (AMF Model #3-Al -3) were installed between the surge tank and the toilets. The second component was a carbon filter which was installed to replace the bags of activated carbon used in the design. This replacement was necessary because of excessive head loss caused by solids accumulated on the outside of the carbon bags.
Basis fo r Sizing the Original System
The rest stop facilities were sized on traffic counts made by the In diana Department of Highways. Traffic was projected to the year 1990 and set at 21,240 vehicles per day (12) . It was assumed this figure represented average daily traffic during August. Since a single rest stop would serve traffic traveling in only one direction, each lane of 1-65 was conservatively estimated to take an average daily traffic of 12,744 vehicles.
Of these 12,744 vehicles, composition was estimated at 13 percent trucks, 5 percent trailers, and 82 percent cars. The vehicles stopping to use the rest areas were estimated to be 15 percent of trucks, 15 percent of trailers, and 9 percent cars. These estimates were partially based on two nationwide surveys in 1968 and 1969 published in reports compiled by the U.S. Department of Transportation, Federal Highway Adminis tration (1) . Based upon this information, it was concluded that each of the facilities should be designed for 1,285 vehicles. It was assumed that each vehicle would have three occupants on the average, and 75 percent of these people would use the rest room. Therefore, the rest room facilities were designed for 1,285 X .75 X 3 or 2,891 persons per day. Peak hourly use was estimated by multiplying the average number of users during the peak day by .135. Thus, it could be expected that 2,891 X .135 or 392 persons might use the facilities dur ing a single hour.
A study was conducted to evaluate design parameters at Indiana state highway rest areas as a prelude to implementation of the planning for the rest stop reported on in this project (4) . It was concluded that the design of the rest area sewage plant should be based on wastewater pro duction of 5 gal per capita per day and a BOD loading of .007 to .01 lb BOD per capita per day. Based on this information, the treatment plant was designed for 2,891 X 5 equals 14,455 gpd or 392 X 5 equals 1,960 gph. Since 12 bags were used, this would correspond to a peak hourly loading to each bag of 163 gal. This figure is based on the assumption that use of all the bags is homogeneous. At 3 gal per flush from the com modes, this works out to about 54 flushes per hour.
Previous work on treatment of sanitary wastes at rest stops (13) determined that hydraulic loading was the limiting or critical factor in the sizing of the filter bags. It was concluded that a sustained filter rate of 5.76 gpd per sq ft was possible. This rate was found under conditions of pulse feeding, similar to those anticipated at rest stops. Pulse feeding was found to result in a higher Filtering rate capacity than continuous feeding. With 5.76 gpd per sq ft as the design criteria for bag surface area, it was determined that 14,455 g p d /5.76 gpd per sq ft or 2,510 sq ft of material was needed.
In the Final design of the bag, the total surface area was about 227 sq ft, not including surface area on the bottom. Total volume was 272 gal from bottom to top of the bag. Total volume of each compartment from the bottom to the elevation of the effluent overflow pipe was 634 gal. Total volume outside the bag was approximately 393 gal.
If it is assumed that the level inside the filter bag ranged between the level of the effluent overflow pipe and the top of the bag, volume in side the bag varied between 235 and 272 gal. At design loading, deten tion time will vary between 4.7 and 5.4 hours. If it is assumed that each user contributes .01 lb BOD per day, as was used in the design, the max-imum expected BOD loading was 2,891 X .01 equals 28.91 lb BOD per day. Divided equally among the 12 bags, this corresponds to a design BOD loading of between 66.2 and 76.7 lb per 1000 cubic feet of aera tion volume per day.
Air requirements were based upon Recommended Standards fo r Sewage Works (14) for extended aeration plants. Air supply was designed at 100 cfm per lb BOD per day. At a design BOD loading of 28.91 lb per day, an air blower was designed to deliver 28.91 X 2000/1440 equals 40.15 cfm.
Start Up of Original Reactors
Initial seeding of the bag reactor was necessary to build a layer of solids on the fluffy material inside the bag before a high degree of treat ment could be realized. The best way to do this has been to put acti vated sludge into them prior to actual use. Each bag received approx imately 60 gal of thickened waste activated sludge with a solids content of about 1.5 and 2.0 percent.
Results and Discussion o f Original System
From the opening of the two systems to the public in early September 1975 to the end of the first week in January 1976, the rest stops functioned well but by the week of January 12, 1976 problems with solids loss outside the bags became so severe that both north-and south bound systems were closed. This shutdown lasted 22 days, during which the contractor repaired the bags and completed tying the bags to the wire mesh supports as originally required. Another shutdown for 20 days took place in April for the same purpose of repairing the holes which were abraded in many of the bags. No other shutdowns of any significance occurred in 1976 except for five days in November for in stallation of the activated carbon filter in the south-bound system. The recycle system was again closed for repair of bags and system reseeding as well as thorough sump cleaning for about 10 days each time in March, July, and September 1977. The nonrecycle system was not closed although much of the time since April 1976 its functioning was less than desirable.
It became increasingly obvious from the problems encountered that there were serious difficulties with some of the material and some of the design concepts used in the original system. Consideration was given to replacing the bags and the supports or possibly redesigning the total system in some way. Another alternative considered was conversion of the system to a conventional activated sludge system since this had been considered in the original design and the holes in the floor were planned to be big enough to be conventional aeration systems. No one really wanted to abandon the concept of the research system, so all parties concerned agreed to go on with the research in some form.
A synopsis of problems in the south-bound system during the period from July 1977 through September 1978 can give a good indication of the reasons why a redesign was needed. Starting in July of 1977, the south-bound system was frequently closed because of holes worn in the bags, excessive wear on the bags caused by the type of aerators used, and, in general, a deterioration of the bags and supports to the point where repair was beyond consideration. Many attempts were made to seed the system but in every case it lasted only a few months at the most until the system had to be recleaned and started again. During January 1978 low water use toilets and urinals were installed in the south-bound system. These facilities made it easier to keep the system operating, but emphasis should be placed on what was meant by operating. Liquid was constantly being drawn from the system and disposed of in some man ner and the replacement of the liquid was with tap water so that opera tion really meant that the system was being constantly diluted in order to keep it operational. During December 1977 the system seemed to have been starting but a mysterious flooding incident which caused a complete loss of seed has never been satisfactorily explained nor will it probably ever be explained.
During the same time period from July 1977 through September 1978 the north bound system was continued in operation in spite of the hydraulic overloading. The bags had holes, solids were being lost, yet the affluent quality was such that it was obvious that treatment was be ing accomplished and, had the solids been able to be removed, the ef fluent would have been satisfactory. During July and August 1978 the north bound system was finally equipped with low water use facilities which made it possible to eliminate the hydraulic overloading. Despite the holes in the bags and the difficulties with the overall system, the ef fluent quality started to improve since the hydraulic overloading was eliminated.
Starting in latter 1977 and continuing throughout the time period up through September 1978 several meetings were held to consider the overall fate of the research project. Plans were made to consider replac ing the bags and the supports and eventually these plans were aban doned since it was the consensus of all concerned that a major redesign was needed if the project was to continue. An interim report was issued in March 1978 which covered most of the material which had taken place through June of 1977. After many meetings and much discussion it was decided that the research project should continue and that a redesign of the system incorporating answers to most of the difficulties already experienced should be formulated.
Operation o f Original Waste Treatment System
Difficulties in going from a prototype to a full scale system which are usually experienced during scale up were definitely the major por tion of the problems encountered during the period of this project when the originally designed treatment system was in operation. As previously pointed out, almost the total efforts of the people concerned with the project had to be devoted to correcting mechanical, physical, or hydraulic problems leaving essentially no time to work on perfecting the operational control of the system. When the fact that the short duration high intensity use periods experienced by the system far exceeded its capacity, it is understandable why it was impossible to keep the liquid from overflowing the top of the bags. It is pointed out that a surge capacity of about 8 in. of freeboard was allowed in each bag to handle the peak usage problems; obviously, however, it was not enough. This overflow in the case of the once-through system was almost continual during peak usage and thus caused NPDES permit violations. In the case of the recycle system, the overflow allowed solids to accumulate outside the bag where they then anaerobically decomposed releasing ammonia and thus caused a progressive failure because of the toxicity of high ammonia levels to the aerobic organisms inside the bags.
Several problems of a design nature were encountered. One over sight was the lack of control valves on the air supply which was corrected prior to operation of the systems. Another was the lack of filters to pre vent flush-o-meter valves from clogging, which was corrected by in stallation of cartridge filters. Use of cloth bags to hold the decolorizing activated carbon proved unacceptable because of headloss due to solids accumulation, but a carbon filter unit also proved unacceptable for the same reason, that of solids accumulation. The major problem was the need for an effective bag support means that wouldn't cause abrasion holes in the nylon material and allow the biological solids to be uncon tained. Other problems such as a more adequate ventilation capacity in the treatment room and a means to split the load between the men's and women's sides of the restrooms were needed and had to be accomplished on the modification of the existing facilities.
Despite the numerous difficulties and the inappropriate choices in materials selection, construction practices, and oversights in design, it was still worthy to continue the research because of the promise the system offered both in effluent quality and in water savings when it is made to function properly. The fact that commercial systems based on this very same design were functioning was at least proof that the con cept was correct and the system was capable of working full scale just as it did in the prototype laboratory system. With these facts in mind, all concerned decided to continue the research on a newly modified system rather than abandon the project by converting the rest stops to conven tional biological treatment.
REDESIGNED REST STOP W ASTEWATER TREATM ENT SYSTEM
Of prime importance in the redesign was to find some way that the filtration mode of separating the activated sludge from the liquid in the system could continue to be used. Knowledge of a commercial design which had never been used on more than household-size systems seemed to offer the most promise. In that system the filter material was made in the form of tubular socks which were suspended from a header. With this system, the activated sludge aeration takes place on the outside of the filter and the clean water is recovered from the inside of the sock as it flows up above the header which contains the multiplicity of socks. One of the major advantages to this system is that each sock was a small enough part of the overall system that a failure of one of the socks would have essentially no effect on the overall efficiency of the system. It is im portant to note, however, that the failure of even one sock would be noted because it could easily be seen that solids were passing into the clear effluent where they would be readily observable. Each side of each rest stop would have 232 individual socks. The other major change which the sock type of operation made possible was that the system was no longer a series of individual treatment devices but one large activated sludge system on each side of each rest stop. This partially eliminated difficulties with handling urine expressed in the previous design and other design changes helped in eliminating this problem. Another significant problem that had been encountered with the original system was the need to handle surges and the need to distribute the urine to all parts of the system rather than just to a small part of it. In the redesigned system the overall concept of collecting all wastewater from both the men's and the women's side in a common piping system which conveyed it to a holding tank was used. This holding tank thus accomplished mixing the urine with the rest of the wastes and by its very size served as a surge tank to handle peak loads. The surge tank itself contained a normal operating compartment separated from the rest of the tank by an overflow wall which allowed the excessive surges to be held until such time that the system could handle them. Air was pro vided in both sides of this surge tank in order to keep the sewage from going anaerobic since this could cause odor problems and could make treatment more difficult. The liquid in the working side of the surge tank is pumped equally to each side of the given reststop for treatment by the activated sludge. Any excess liquid that would accumulate in the pans which hold the socks (clarified liquid) exceeding that needed would still go by way of an overflow to the tile field connected to the system. The point of commonality in the system which was previously limited to the sump for recycle of treatment effluent was now really two fold by means of the surge tank and the recycle pump.
Ventilation was another part of the difficulties experienced with the original system. The ability to handle the excessive volumes of air added by the aeration system had not originally been compensated for in the ventilation system which drew air from the room housing the treatment units and other equipment. In order to make this job of ventilation easier it was decided to use conduits which were somewhat closed to con vey the air from the aeration units out of the building rather than to put in an excessively large exhaust fan. Conservation of energy during winter time operation was the major reason for going to the conduit type system rather than the large exhaust fan. This increased ventilation capacity would thus make it possible to keep any treatment odors originating in the treatment room from pervading into the other parts of the rest stop.
The revised design criteria as well as the original criteria used in assessing the vehicular use and in establishing the other«. design parameters such as volumetric loading and organic loading on the aera tion systems are all summarized in Appendix A.
Operational Description of New System
To facilitate an understanding of the new wastewater treatment system on both the recycle and nonrecycle modes of operation, detailed descriptions will be given.
The recycle system, starting with the use of a toilet or urinal facili ty, would work as follows. The wastewater would be conveyed to the working portion of the holding tank located outside of the treatment building by a pipe common to all rest room facilities on the men's side and a like pipe on the women's side. The wastewater, upon entering the working portion of the storage tank, is mixed with air and, when a prescribed volume has been accumulated, it is pumped equally to the activated sludge treatment tanks inside the building. As shown on the drawings which accompany this report, this liquid enters the activated sludge tanks below the pan which forms the header for the filtration socks. The activated sludge tanks with the mixed liquor suspended solids biologically treats the wastes and converts the organic matter into new mixed liquor suspended solids while destroying some of the previous activated sludge solids. The solids are removed on the outside of the socks as the liquid flows through them and upward into the pan in the top of the aeration tank. This treated effluent then overflows into the recirculation sump. The liquid from the sump is picked up by the pumps and passed through the activated carbon bed in order to achieve color removal and then in turn through the micron size Cuno filters prior to being used in reflushing the toilet and urinal facilities. Air is continuously supplied to the activated sludge tanks and the excess car ried out through the ventilation system previously described. When the carbon filter needs backwashing, the water is taken from the pans and discharged to the outside of the pans or into the activated sludge tanks.
Operation of the nonrecycle system uses the same mode of opera tion involving the common piping, external holding tank, activated sludge aeration tanks, and fabric sock filtration. In this system, however, the overflow from the pans in the top of the aeration tanks goes directly to the receiving stream and thus constitutes the effluent from the rest stop.
For clarification, a description of the actual biological parameters involved in treating the wastewater for recycle in the south-bound system is justified. As the organic matter is biologically converted into new bacterial cells, a portion of it is converted into carbon dioxide and water and a portion is converted to new bacterial cells. The fraction converted to cells decreases as the mass of cells in the system increases and, because of this, the rate of cell accumulation tends to approach zero as the concentration of cells (MLSS) increases. In fact, as the cell mass increases, much of the cell mass itself is converted into carbon dioxide and water with net result that only a very low level of cell mass increase takes place.
Since the water is continuously recycled, it is obvious that the in organic materials tend to accumulate since there is no way that they can be removed from the system by biological activity. Since previous start ups of the system had experienced problems with ammonia accumula tion, special attention should be given to this material as part of this discussion. Because of the high cell mass in the activated sludge system and its more or less infinite retention, any excess ammonia over that needed for synthesis of new cells should be converted from ammonia in to nitrate by the biological nitrification process. This conversion stores massive amounts of oxygen in the system in the form of nitrates which in the event of power failure can serve as an oxygen reservoir for the ac tivated sludge for several days without having the system go anaerobic. In the normal functioning of the system this nitrate can be stripped to nitrogen gas and thus evolved from the system at any point during its reuse that there is insufficient oxygen to keep the recycle water aerobic. This type of action helps to control the total dissolved solids buildup but represents one of the only inorganic materials which can be removed from the system. It is obvious that with time the buildup of salts in the system from the continuous recycle of water will eventually necessitate removal of some of the water. It is also obvious that the net accumulation of biological solids will eventually reach a level that will require removal. By removing solids, the inorganic dissolved solids will also be removed, and therefore, in the long run the removal of biological solids will more than likely control the level of inorganic dissolved solids which ac cumulates. Based on other systems which have operated on this princi ple for many years, the normal level of biological solids can be allowed to rise to as much as 20,000 to 30,000 m g/l before they require removal. This level is essentially 10 times the level found in normal activated sludge systems and thus it is easy to understand why the rate of solids ac cumulation in the systems used at these rest stops will be minimal com pared to other systems because the high cell mass cuts down drastically on cell synthesis as previously pointed out.
Construction and Start-up of New System
The actual modification design of the new system was started in August 1978 but not until January 16, 1979 was the project put out for bids. Because of a scarcity of bids the project was again advertised for bid acceptance in February 1979 and the bid awarded on February 15, 1979. The construction was actually started on June 4, 1979, and after considerable delays was completed on December 7, 1979 , at a total cost of $110,440. The south-bound system was finished somewhat ahead of the north bound system and so start-up of the systems began with the south-bound recycle facility. The south-bound facility was actually opened to the public between Christmas and New Years 1980.
Seed was obtained from the City of Indianapolis Wastewater Treat ment Plant activated sludge system and a level of about 2500 mg/1 of mixed liquor suspended solids established in the activated sludge tanks. These tanks were allowed to operate and acclimate for a period of about five days before the rest stop was opened.
Attempts to measure the level of mixed liquor suspended solids showed that most of the initial seed had attached to the outside of the fabric socks and thus the MLSS appeared to be only on the order of 50 mg/1. Two additional seedings brought this level up to a point where it was in the vicinity of 500 to 700 mg/1.
Upon completion of the north-bound system, it, too, was opened to the public at about the same time as was the south-bound system, and an additional truck load (two total trucks full) of sludge was used to seed this system compared to the south-bound one.
No difficulties nor any tendency for ammonia accumulation were observed in the start-up of either of the rest stop systems. Thus, it was possible for the first time since the inception of the rest stops to start ac cumulating data to prove the validity of the treatment systems.
Operational Data on New System
The data in Table 2 for the north-bound system and that in Table 3 for the south-bound system represent the ability of the systems to func tion during the period of a total year. In the case of the north bound system there was never any period of time where the rest stop had to be closed during the total year because of the wastewater treatment system. During this year water usage ranged from lows of about 400 gal. to highs of as much as 3,000 gal. Effluent quality was reasonably good as it regarded the concentration of suspended solids and BOD. In most cases, the suspended solids were in the range of 10 to 15 mg/1 and could have been lower except for the fact that regular routine maintenance of the system was not as thorough as it could have been. Apparently, there were some very small holes in some of the socks which allowed small amounts of activated sludge solids to accumulate on the surface of the pans in the activated sludge system. These surface solids would then flow over the effluent pipes if they were not skimmed off and placed below the pans on a daily basis. The major difficulty with the BOD of this system was not that the BOD was not low enough but that measur ing it was difficult. As the data in Table 2 shows, the level of nitrate nitrogen in the system exceeded 100 mg/1 almost all of the time. For this to happen, the rate of nitrification and thus the level of nitrifying organisms in the system had to be excessively high. Since nitrification requires oxygen, the major reason for the higher than normal BOD levels in the effluent resulted from conversion of ammonia in the samples to nitrate. As an illustration, it can be shown that a nitrate nitrogen level of 100 mg/1 would represent an excess of 200 mg/1 of stored oxygen so that it makes little sense to say that there could have been a demand of as much as 50 mg/1 of oxygen in a sample such as this.
Much of the year was spent attempting to find ways to inhibit the high rate of nitrification taking place in the system so that more truly reflective BOD values could be measured. Actual BOD values should have been close to zero if they could have been properly measured. Another way of expressing how well the system worked is to say that it worked too well since it was difficult to even stop the rate of nitrification in a BOD test when it was necessary to stop it. The tendency to lower pH values in the range of 5.2 to 5.5 is also typical of a highly nitrifying system since the nitrate there is partially in the form of nitric acid. A steady rise in mixed liquor suspended solids was observed and by the end of the year a level somewhere in the vicinity of 3000 to 4000 mg/1 was measurable. This rate of solids accumulation would predict that it would be three to four years before it would be necessary to withdraw any solids from the system.
Operational data on the south-bound recycle system during the year of 1980 is contained in Table 3 . These data clearly show that, from its opening in January to its closing during the latter part of July, the system operated well. No problems with color or odor were expressed in the recycle water. No excessive solids losses were present in the water feeding to the carbon filter, and no high pH problems were observable. The level of nitrates accumulated to a peak of over 300 mg/1 at which point it started to decrease and eventually levelled off at a value of 100 to 200 mg/1. During the latter part of July a malfunction in the elec trical system required closing the rest stop for about a month. In ac tuality, a float level had failed to function and the water level in the surge tank rose to the point where it shorted out the electrical system and thus required extensive repairs.
The system was opened again in early September with no additional reseeding nor was there any feeding of the system during the month that it was closed. Operation was still satisfactory and the system handled a good load without causing any difficulties. Water usage amounted to approximately 150 to 200 gpd or about 10 to 15% of that for the north bound nonrecycle system. There seemed to be a tendency for the solids in the aeration tank on the men's side of the system to be accumulating at a lower rate than in the aeration tank on the women's side of the system. This could really not have been the case since the systems were fed equally as per the redesign of the system. The data in Table 3 start ing with September 9 show a tabulation of the data and also show that by November there really was no difference in the solids level in either of the aeration systems, so it would have to be concluded that the lower numbers in the early part of September and October were just a hap penstance.
Although official monitoring of the systems was completed in latter December 1980, a continual observation of the systems has been main tained through the first half of 1981. The recycle system has continued to function well and only a slight yellow color has started to show up in the water as of about March of 1981. Maintenance on each of the sys tems could be better, but it is not much different than on the rest of the treatment systems at other rest stops and, while the desire for a higher level of maintenance is justified, the cost is probably prohibitive. Ap parently, the carbon will probably need replacing about once every 12 to 18 months, but there has been no need for water replacement nor any signs that the total dissolved solids in the recycle water is high enough to cause problems. Effluent from the nonrecycle system has been observed on many occasions during this time period and seems to be very typical of that from a system that is achieving a high degree of BOD removal and a significant amount of nitrification.
SUMMARY AND CONCLUSIONS
Using information gained from Phases I and II, research was con ducted on a prototype system that would involve the use of a fabric filtration for the removal of activated sludge solids from the treated ef fluent of an activated sludge system. Data on this prototype combined with information on traffic flows, water use, and wastewaer char acteristics of rest stops was used to design a full scale treatment system for the rest stop on 1-65 north of Thorntown, Indiana. The Northbound lane of this system was one which involved the filtration type of ac tivated sludge treatment and stream discharge of the treated effluent. The system used on the Southbound interstate employed the same type of biological treatment but used the recycle concept for toilet flushing and urinal flushing water.
After initial construction of the full scale rest stops, numerous dif ficulties were encountered in an attempt to keep the system operational both on the nonrecycle and recycle system. These problems became serious enough that an eventual decision had to be made as to whether to abandon the project or to modify the systems to correct the original design oversights and misuse of materials.
The decision was made to redesign the systems and to stay with the concept of a filtration type of activated sludge system. Operation of the redesigned and reconstructed systems began very late in December 1979 and continued in operation a full year during which there were no treat ment difficulties with either system. The character of the effluent from the nonrecycle system was such that it apparently gave high BOD values because of its high degree of nitrification. This level of nitrification was so high that even conventional means for inhibiting it to test for actual BOD were not sufficient but an eventual tripling of the inhibition material did start to produce results which were more reflective of the true BOD of the system. The recycle system had no difficulties with any of the previous problems of odor or color and was able to function with only 10 to 15% of the water required for that of the nonrecycle system. Data ac cumulated during 1980 clearly show the system is worthy of further con sideration and subsequent evaluation of the system during the first six months of 1981 has shown the system to continue operation with no dif ficulties. Peak hour water usage The 1339.8 gal figure could be used or a figure of 174 X 3 X 0.75 X 5 = 1957 gal could be used. The 1957 figure based on the already 1.46 factor seemed exces sive. Another approach was to use the fact that one toilet flush is the same as two urinal flushes. If it is assumed that each toilet or each two urinals are used every 3 minutes, the load would be:
4 toilets -I-2 equiv. toilets (4 urinals) X 20 uses/hr X 5 gal/use X 2 sides of rest stop = 1200 gal for peak hour. Thus, 1200 gal was used. 1200 -(14,455 -s-24) = 600 gal over normal capacity. 600 gal -5-12 bags = 50 gal/bag for storage This gave free board of 12 in. plus for one hour bags could really operate at twice design capacity. If the system had been designed to FHWA guideline (which wasn't available until after the design was completed and under construc tion) the following would have resulted:
. 
